This paper has presented evidence on the role of pulses in enhancing the nutritional status of the rural communities in the semi-arid tropics (SAT) of India. The paper has used primary data from the ICRISAT VLS nutrition surveys (8 villages from Telangana, Andhra Pradesh and Maharashtra) and the longitudinal panel micro-level data (for 6 villages of Telangana and Maharashtra) from 2009 to 2014. The study has revealed that there has been a decline in the area and production of pulses in the SAT villages of India, even though at the macro-level, pulses production has shown an increase. Pulses do contribute to the diversity in diets but the adequacy of protein from the pulses in the diet has not been analyzed in this paper. The regression analysis has indicated the importance and role of pulses in improving the nutritional status of the rural communities. The paper has concluded that there has to be a concerted policy and program action to reintroduce pulses into the cropping pattern in SAT-India and improve the consumption of pulses to the level that has a positive impact on human nutrition. Empowering women along the entire pulse value chain has been observed as one approach to enhance pulse productivity and consumption. Nutrition education, awareness generation and nutrition-sensitive agricultural interventions for pulses are the ways forward to reduce malnutrition in India.
Introduction
Pulses continue to be a major source of protein in Indian diets and play a vital role in sustaining agricultural growth due to their resource-conserving and environment-friendly characteristics. The increase in pulse production therefore is important for improving and enhancing food availability, soil health, diet quality and nutrition security. The dietary diversity score is one measure or indicator of nutrition to understand and assess diet quality and nutritional status of households as well as individuals. The dietary diversity is usually measured by summing the number of foods consumed more often by counting the number of food groups consumed over a reference period (Ruel, 2003) . In the literature, the dietary diversity at household level has been suggested as proxy measure of access to food, while at individual level, it is a reflection of dietary quality which has a link with nutritional status.
Many studies have tried to establish the relationship between production, consumption and nutritional contribution of major food crops, including pulses at different disaggregate levels (Gupta and Mishra, 2014; Sangeetha et al. 2013; McCrory et al. 2010) . Recently Shalendra et al. (2013) , using 55th and 66th rounds of National Sample Survey data, have concluded that the dietary pattern has shifted from cereals and pulses toward fruits, vegetables, processed foods and food commodities of animal origin. It has also been found that pulse consumption by poor household in the rural areas declines by 0.72 per cent * Author for correspondence if the price of pulse rises by 1 per cent and thus revealing that pulse consumption is more sensitive to price changes than cereals and milk consumption. The paper indicates that decline in the consumption of pulses has led to increase in malnutrition of children, women and men and a decline in protein intake. Papanikolaou and Fulgoni (2008) have reported on the association of consumption of beans (a subgroup of pulses) with dietary quality and obesity risk in more than 8000 adult participants in the National Health and Nutritional Examination Survey (NHANES) 1999-2002 using data from a single, multiple pass, 24-h dietary recall. They had found that individuals who consumed variety-beans or baked-beans had significantly lower body weights than those who had not consumed beans. Interestingly, when variety-bean consumers were analysed separately from baked-bean consumers, the reduced risk of overweight or obesity was no longer observed in the baked-bean consumers compared with who were not consumers.
It is widely recognised that malnutrition remains one of the world's greatest human and economic development challenges. The high prevalence of malnutrition in India has multiple drivers: poor quality and quantity of diets, inadequate maternal and child care, and poor access to health services and unhealthy environments (including poor sanitation). Diet quality at the individual level is also affected by intrahousehold allocation decisions, in which particularly vulnerable and critical sections of population, such as women and children, sometimes lose out. Agriculture can play a significant role in overcoming these barriers and can enable the Indian households to improve the quality of their diets, and thereby improve the nutritional status in the country. The agriculture can help in improving the following outcomes: diet quality, particularly of women and children, prevalence of micronutrient deficiencies (e.g., anemia), and seasonal prevalence of acute malnutrition.
The literature suggests that there is a growing interest in understanding households and individual dietary diversity and its impact on food and nutritional security, mainly because of its relevance in meeting the nutritional requirements (Nti, 2008; Labadarios et al., 2011; Viswanathan, et al., 2015) . The dietary diversity indicator is easy to measure and could be used as a practical proxy measure of household or individual food security (Thorne-Lyman et al., 2010; Vakili et al., 2013) . Taruvinga et al. (2013) using household socio-economic cross sectional survey data from 181 respondents in South Africa, have identified the following determinants of rural household dietary diversity: participation in irrigation schemes, gender, education, income, ownership of a home garden and small-livestock. A review of developing country research needs has confirmed the consistent pattern of a positive association between diversity measures and nutrient adequacy, previously documented in developed countries. The results are surprisingly consistent, considering the wide differences between studies in definitions of foods, food groups, reference period, dietary assessment method, scoring systems, cutoff points used, as well as age of study subjects and general environmental and socioeconomic characteristics (Ruel, 2003) .
Date and Methodology
The study has largely utilized primary household and member level data collected through detailed survey for dietary diversity in the Semi-Arid For the computation of these three scores, the FAO guidelines (FAO, 2013) have been followed and the classification of different food groups is listed in Table 3 .
The Household Diversity Score (HDDS) guide provides an approach to measuring household dietary diversity as a proxy measure of household's food access. To better reflect a quality diet, the number of different food groups consumed was calculated, rather than the number of different foods consumed. The indicator was modified and used as an Individual Dietary Diversity Score (IDDS), which is used as a proxy measure of the nutritional quality of an individual's diet. The HDDS, however, is used as a proxy measure of the socio-economic status of the household. The WDDS (Women's Dietary Diversity Scores) have been proven to be a good measure of household macronutrient adequacy of the diet and household nutrition insecurity.
Results and Discussion

Trends in Pulse Production
The trends in pulse production in India have revealed that area under pulses did not increase significantly from 2000 to 2014 though there has been some fluctuations in area under pulses here and there. The production, however, has shown an increasing trend ( Figure 1) . A closer examination of these trends in the ICRISAT VLS study villages shows a decline in both area and production of the pulses (Figure 2 ). The production shows a sharp and greater decline compared to the area. This trend indicates that in spite of technological advancements in breeding for higher yield and shorter duration of the crops, the domination of cereals in the cropping pattern and the shift from food crops to cash crops like cotton have resulted in this declining trend. There is therefore a need to reintroduce pulses into the cropping pattern, at least as an intercrop, to improve both human nutrition and soil health.
Dietary Diversity and Commonly Consumed Foods in Rural Areas in SAT-India
Using dietary diversity as an indication of nutritional status of rural population, the results from the ICRISAT nutrition surveys in 2013-14 in 8 villages of India indicate that households and the individuals in the sample households have a high dietary diversity score all the year round (Tables 4 and 5 ). This implies that households consume foods from more than five food groups (refer to Table 3 for food groups). However, this does not imply nutrient adequacy in the diets but the capacity of the households (socioeconomic) to diversify their diets.
The WDDS scores on the other hand present a different picture (Table 6 ). Women's diets have shown low, medium and high diversities across different periods of time (seasonality). The medium level diversity in diets has been noticed (consumption of foods from 4-5 food groups) in women's diets. This indicator has reflected the micronutrient adequacy of the diets of women specially, but also of the households in general. The result -the diets even though diverse still continue to be low in terms of micro-nutrient content. The commonly consumed food groups for HDDS, IDDS and WDDS, presented in Tables 7, 8 and 9, respectively show the domination of foods rich in carbohydrates in the diets. Pulses are the major source of protein in these diets, as meat and meat products (rich sources of protein in the diets) do not feature in the list of commonly consumed foods. This clearly indicates that pulses continue to be the major source of protein in the diet. Protein consumption is essential for improving nutrition of all members of the households and especially in children to reduce stunting and wasting. The importance of pulses in the diets of the rural population cannot be ignored. Proteins from animal sources cannot be accessed by all members of the community because of their high price, ease of availability, processing time in cooking and also social, cultural and religious norms and behaviours. The diets, if are to be rich in protein, the protein should come from vegetable sources i.e., pulses and legumes. This shows the role of pulses in improving and enhancing human nutrition and reduce malnutrition -both under and over nutrition. These are elaborated in the succeeding sections.
Sources of Protein in the Diets of Rural SAT, Pulse Consumption and Nutritional Status
Food security refers to the production of sufficient quantities of both high-quality protein and dietary energy. Protein is the major food content which has an important role in making individuals healthy. The animal protein (meat, egg, fish, etc.) and plant protein (pulses, legumes and nuts) are the two main sources of protein in general. Figure 3 indicates the consumption of protein from plant and animal sources and also the distribution of consumption of protein in different rounds among the sample members (IDDS members). The results indicated that pulses were the main sources of protein for the individuals in all the rounds and overall 72 per cent individuals depended only on pulses as their source of protein. There were about 9 per cent individuals whose source of protein was other than pulses and animal source in any round (for details, see Walker and Ryan, 1990) . The consumption of protein from animal sources was very rare among the sample members and overall only about 7 per cent consumed protein from animal sources and about 12 per cent consumed protein from pulses and animal sources.
In rural India, pulse is the main source of protein.
It has been found that about 80 per cent individuals consume pulses in their daily diets as the source of protein. Therefore, there was a need to investigate the causal relation between pulse consumption and nutritional status. In this section we have considered body mass index (BMI) as a proxy of nutritional status. Also, we have considered only those sample members who were present in all the four rounds of survey (N=1070). The interaction between consumption of pulses and nutritional status, i.e., BMI is presented in Table 10 . About 65 per cent of the individuals in the sample tended to be having normal BMI, of which only 37 per cent consumed pulses all through the year. About 4.39 per cent consumed pulses only for a quarter of the year, 15 per cent consumed pulses for three quarters of a year. The remaining 35 per cent of individuals were either under-or over-nourished (weight). From the Table 10 it can also be understood that low consumption of proteins in the diet can lead to either under or over nutrition. It has also been found that the individuals who consumed pulses more frequently were nutritionally more secure than the remaining groups of individuals. 
Relationship between Consumption of Pulses and Nutritional Status of Individuals in SAT-India
To establish linkages between pulse consumption and individual's nutritional status, a logistic regression model was constructed. In the model the dependent variable was normal BMI and equaled to 1, who had normal BMI and zero otherwise. To control the model we introduced some socio-economic characteristics such as age, sex, marital status, etc. We have run two different regression models as model-1 and model -2 to establish the relation of consumption of pulse, frequency of consumption and nutritional status (Table  11) . From the regression output of model-1 it has been found that there is a strong and significant positive relation between the consumption of pulses and nutritional status. The individuals who consumed pulse in any of the rounds were likely to enjoy more normal BMI compared to those who did not consume pulses at all, as indicated in the regression coefficient 'Pulse consumption dummy' which is 0.553 and statistically significant.
Model-2 established the linkage between frequency of pulse consumption and nutritional status. The regression coefficient of 'Frequency of pulse consumption' indicated that those who consumed pulses more frequently had a higher tendency of having a normal BMI compared to those who consumed pulses less frequently. The frequency of consumption of pulses has a threshold point, after which it has a negative impact on the individuals BMI status which have been indicated by coefficient of 'Square of frequency of pulse consumption' (-0.518) is negative and statistically significant. Therefore, it can be concluded that the pulse consumption has an important role in the individual's nutritional status but there is a threshold level of the frequency of consumption and when the level is crossed, it has an inverse impact.
Conclusions
The study has presented the importance of pulses in improving the nutritional status of the rural population in semi-arid tropics of India. There has to be technological and policy enhancements in increasing the area, production and consumption of pulses, including price volatility and fluctuations. Also, affordability, availability, and absorption of the nutrients are to be considered. Diet diversification, behavioural change and awareness about the role of pulses in the diets are of great importance and campaigns towards these are the need of the hour. Pulses improve the nutritional status of all the members of the society -women, men, adolescents and children. The women will have to be empowered through providing access to new knowledge, and technological interventions (better varieties, extra short-duration varieties, etc.) about pulse production and consumption. Skill enhancement for women for post-harvest processing and value addition as well as involving women in all stages of the value chain are avenues for empowering them in the pulse value chain. Empowering women will improve the production and consumption of pulses and thereby enhance the nutritional status of all the members of the community. The study has concluded that pulses do play an Source: ICRIST data base and ICRISAT VLS nutrition surveys, 2013-14 Note: *, ** and *** indicate significance at 10 per cent, 5 percent and 1 per cent levels, respectively
